In this paper we report results for the temperature dependence of the 4f occupation number n f (T) for Yb 2 M 3 Ga 9 from 20 to 550 K measured using L III -edge x-ray absorption 4 and also results of inelastic neutron scattering (INS) experiments 5 at Argonne National Laboratory and PHAROS at the Los Alamos Neutron Science Center (LANSCE) at Los Alamos National Laboratory. The experimental configuration for these experiments was similar to that previously reported. 7 8 Incident energies, E i , of 15, 35, and 120 meV were used on LRMECS at 12 and 300 K and 60 meV was used at 12 K. On PHAROS incident energies of 70 and 120 meV were used at 18 and 300 K.
The magnetic contribution to the INS spectrum (S mag ) was determined using a standard These measurements were performed at beamline 4-3 of the Stanford Synchrotron Radiation Laboratory (SSRL) and were analyzed using standard procedures4 to obtain the temperature dependent 4f occupation number n f (T). the LRMECS data agrees with the PHAROS data in that the scattering at 300 K is actually less WKDQ DW . IRU ( PH9 +HQFH WKH WHPSHUDWXUH GHSHQGHQFH
can not be explained solely by the temperature dependence of phonon scattering but is as expected for CF excitations, where the occupation of the ground state multiplet decreases with temperature, and/or for the transfer of spectral weight from an inelastic response at low temperature to a quasielastic response at high temperatures. Fig. 2(a) ) the data can be fit with a single Lorentzian with width 27(1) meV and position 27(1) meV; at 300K ( Fig. 2(b) ) the data can be fit with a single Lorentzian centered at ( PH9 TXDVLHODVWLF ZLWK ZLGWK 9DOXHV RI WKH VWDWLF VXVFHSWLELOLW\ FDQ WKHQ be derived from these fits at 12 and 300 K and compared to the polycrystalline average of the measured static susceptibility (Fig. 2(c) ). At 300 K the comparison is quite 6 reasonable, but at 12 K there is a discrepancy between the value of the static susceptibility derived from the INS results and those determined by the bulk measurements. Evidently, the INS measurements reported here are not sensitive to the low temperature upturn in the static susceptibility-neglecting this upturn results in more reasonable agreement. This suggests that the upturn is an extrinsic effect unless its contribution is only at low energies and thus not observable in these investigations.
The n f (T) results are displayed in Fig. 3 . The data were collected over the temperature range from 20 to 550 K. The temperature dependence and magnitude of n f is consistent with other Yb IV systems. The data indicate a somewhat higher degree of fractional valence in Yb 2 Ir 3 Ga 9 than in Yb 2 Rh 3 Ga 9 .
We now turn to a discussion of systematic errors in our determination of S mag . As discussed previously, we have used a standard procedure 5 7 to determine the nonmagnetic scattering. Specifically, we have used the nonmagnetic analog Y 2 Rh 3 Ga 9 to determine the scaling factor between the high and low angle data and then have applied that same scaling factor to the Yb 2 Rh 3 Ga 9 data. Systematic error could be introduced should the scaling factor depend significantly on the nuclear scattering cross section, which differs for Y and Yb. Since the magnetic susceptibility derived from the INS analysis compares favorably with that determined from bulk measurements, we argue that this has only a small (~10%) effect on our results. A small systematic error also could be introduced due to the strong neutron absorption in this material. We have minimized this by using a flat plat sample geometry, and correcting for the effects of neutron absorption.
Systematic error in the value of the 4f occupation number determined by L III measurements is discussed in some detail in Ref. 4 , where it is estimated to have an effect on the absolute value of n f that is no larger than 5-10%. Such error should be independent of temperature and hence should not affect the temperature dependence determined for n f (T). When calculating the INS spectrum the same mean field interaction parameter as used for the static susceptibility was included, as a reduction factor independent of energy. The fit to the INS (Fig. 2(a) , dash-dot line) is of the right magnitude and overall energy scale, but shows two features, one at 20 meV representing the Kondo scattering in the ground state quartet and the other at 55 meV representing the CF excitation which due to the Kondo effect occurs at k B 7 K ). The fits to the INS can be improved ( Fig. 2(a) , dashed line) without affecting the susceptibility or occupation number by lifting the ground state GHJHQHUDF\ WR WZR GRXEOHWV VHSDUDWHG E\ PH9 ORZHULQJ WR K and allowing the hybridization constant Γ to be slightly different for the ground and excited multiplets (parameter set 2, Table I ).
Overall, the combination of CF and Kondo physics gives good semi-quantitative fits to the anisotropic susceptibility, 4f occupation number and INS spectrum. In this sense, our calculations capture much of the essential physics of these compounds.
The ZZF approximation 2 ignores charge fluctuations such that only the spin fluctuations contribute to the susceptibility, as appropriate to the Kondo limit n f = 1. Given the strong mixed valence of these compounds (n f ~ 0.6) charge fluctuations will certainly contribute to the susceptibility. However, as shown by Bickers, Cox and Wilkins, 9 the susceptibility for n f = 0.7 differs from the Kondo limit value by no more than 5%. We ignore this difference because it is smaller than the amount that the susceptibility is reduced by inclusion of the molecular field parameter I = 25mol/emX IRU c DQG IRU ab ).
Such a parameter can arise due to antiferromagnetic interactions, but the Néel temperature T N = 65K deduced from the formula I = T N / C 7/2 (where C 7/2 = 2.58 emu-K/mol is the Yb Curie constant) is much larger than the ordering temperatures (~1K) seen in magnetic Yb compounds. It is reasonable to assert that the large value of I needed to improve the agreement between the magnitude of the measured susceptibility and the value calculated in the AIM is not due to normal RKKY interactions but is an Anderson lattice effect.
The existence of Anderson lattice effects is also suggested by the fact that our calculation significantly overestimates the 4f occupation number (Fig. 3) at 300K. Similar behavior of n f (T) in cubic IV compounds has been interpreted as evidence that the crossover from low temperature Fermi liquid behavior to high temperature local moment is slower in the Anderson lattice than in the AIM. 10 This effect arises primarily from the valence change that occurs as a function of temperature: for the Yb 4f
14-nf (5d6s) 2+nf configuration, z = 2 + n f (T) and Anderson/Kondo physics causes n f (T) IRU 7 ! 7 K , the Kondo temperature.
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must be accommodated by the conduction band. The resulting increase in kinetic energy is reduced by reducing the rate of the valence change with temperature, giving a "slow crossover." This is not the case for the AIM, where only one degree of freedom is involved.
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The calculation of the INS at 300 K using parameter set 2 (the largest magnitude dashed curve in fig. 2(b) ) also overestimates the data. We have calculated the neutron spectrum at 300 K using smaller values of n f (0) in parameter set 2 ( Fig. 2(b) ). By choosing the smaller T = 0 value n f (0) = 0.5 that yields, in the context of the AIM, the actual experimental value of n f (300 K) = 0.80, we obtain much better agreement with S mag ( at 300K and suggests that the slow crossover affects the temperature evolution of the dynamic susceptibility.
We have measured the temperature dependence of the 4f occupation number n f (T) of and that the AIM, with CF splitting, captures much of the essential physics. In addition, our results suggest that Anderson lattice effects must be considered to explain the temperature dependence of n f (T) and of the INS spectra; in particular, the temperature dependence suggests the presence of a slow crossover to the local moment regime. 
